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MAGNETIC RESISTANCE DEVICE 



BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

The present invention relates to a magnetic resistance 
device used in magnetic heads and various types of sensors, 
and more particularly, to a magnetic resistance device in 
which a pair of magnetic tunnel junction structures, each 
composed of a barrier film sandwiched between a lower magnetic 
layer and an upper magnetic layer, formed connected in series 
on a substrate. 

2. DESCRIPTION OF RELATED ART 

Magnetic resistance devices utilizing anisotropic 
magneto-resistance effects such as NiFe, and magnetic 
resistance devices that obtain giant magneto-resistance 
effects (GMR effects) utilizing the scattering of electrons 
that is dependent on their spin, are widely known in the prior 
art. Magnetic resistance change rate is one parameter used to 
evaluate the properties of this type of magnetic resistance 
device, and this magnetic resistance change rate exhibits a 
value of about 3% in the case of the former, and about 10% in 
the case of the latter. 

Magnetic resistance devices have appeared in recent years 
that utilize magnetic tunnel effects to demonstrate large 
values for magnetic resistance change rate of 20-30%. As is 
indicated in, for example, Japanese Patent Application, First 



Publication (Kokai) , No. Hei 11-135857, in addition to forming 
a magnetic tunnel junction structure, in which a barrier film 
comprised of an insulating material (e.g. A1 2 0 3 ) is sandwiched 
between a lower magnetic layer comprised of a ferromagnetic 
material (e.g. Ni 0 .8iFe 0 . 19 or CoFe) and an upper magnetic layer 
comprised of a ferromagnetic layer (e.g. Ni 0 . 8iFe 0 . 19) , on a 
substrate, these magnetic resistance devices provide an 
antif erromagnetic layer (e.g. FeMn) directly beneath the lower 
magnetic layer, and use the lower magnetic layer as a 
stationary layer and the upper magnetic layer as a free layer 
to obtain a higher magnetic resistance change rate due to 
magnetic tunnel effects. In addition, even if an 
antif erromagnetic layer is not provided, magnetic tunnel 
effects similar to those described above are also known to be 
realized by providing a difference in coercive force between 
the upper magnetic layer and lower magnetic layer. 

When using a magnetic resistance device using this 
magnetic tunnel effect, although a voltage is obtained 
corresponding to the magnetic resistance change rate relative 
to the change in the magnetic field by applying a constant 
current to the magnetic resistance device (magnetic tunnel 
junction) , in the case of this magnetic resistance device, 
when the applied voltage is increased, the magnetic resistance 
change rate tends to decrease gradually. Together with this 
decrease, the decreasing trend in the magnetic resistance 
change rate becomes more remarkable the larger the resistance 
value. Thus, when a large voltage is applied to a magnetic 



resistance device, the problem is encountered in which it is 
not possible to obtain an adequate detection voltage 
corresponding to the change in the magnetic field since this 
large voltage causes a large decrease in the magnetic 
resistance change rate. Conversely, when a magnetic 
resistance device having a small resistance value is used, 
although the above-mentioned tendency for the magnetic 
resistance change rate to decrease is small, since the 
resistance of the magnetic resistance device itself is small, 
the same problem is encountered in which it is not possible to 
obtain a sufficiently large voltage. 

In order to deal with these problems, as is indicated in, 
for example, Japanese Patent Application, First Publication 
(Kokai), No. Hei 11-97762, and Japanese Patent Application 
(Kokai), First Publication, No. Hei 11-112054, the use of a 
plurality of magnetic tunnel junction structures connected in 
series has been proposed. In this case, in the case of the 
former, a pair of barrier films and upper magnetic layers are 
independently and separately provided on a continuously formed 
lower magnetic layer so that use of the lower magnetic layer 
is shared. In addition, in the case of the latter, a 
plurality of basic units, each consisting of a tunnel junction 
structure in which separate pairs of barrier films and upper 
magnetic layers are formed on a common lower magnetic layer as 
described above, are arranged horizontally, and coupled with a 
continuous upper magnetic layer that is shared by adjacent 
basic units so as to connect a large number of tunnel 



junctions in series using common lower and upper magnetic 
layers . 

In the case of forming a plurality of magnetic tunnel 
"junction structures comprising a barrier film sandwiched 
between a lower magnetic layer and upper magnetic layer on a 
substrate and connecting in series as described above, fine 
machining processing is required, and wet etching is not 
suitable for the production of such elements. Thus, machining 
processing using dry etching in the form of ion beam etching 
is suitable for a laminate consisting of a lower magnetic 
layer, barrier film and upper magnetic layer on a substrate. 
However, since it is necessary to hold the surface roughness 
of the lower magnetic layer to a low level and it is not 
possible to compose a thick lower magnetic layer, it is 
difficult to reliably separate the barrier film while sharing 
a lower magnetic layer by ion beam etching. Namely, in the 
case of removing the barrier film by ion beam etching, 
although it is possible to control completion of etching 
treatment by measuring a prescribed time or detecting the 
material that composes the lower layer of the barrier film and 
so forth, if etching treatment is terminated too soon, the 
pair of barrier films cannot be reliably separated. As a 
result, this resulted in the problems of -poor yield in the 
production of magnetic resistance devices and the occurrence 
of large variations in properties. 

In addition, examples of major resistance elements in 
magnetic resistance devices using the magnetic tunnel effect 
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as described above include electrodes and other wiring 
components as well as the barrier film and lower magnetic 
layer. Since only the barrier film of these resistance 
elements changes relative to changes in the magnetic field, in 
5 order to obtain a large magnetic resistance change rate, it is 
necessary to lower the resistance values of resistance 
elements other than the barrier film. In particular, if the 
lower magnetic layer located beneath barrier film is composed 
^ to be thick, the surface roughness of the same lower magnetic 
j3o layer and so forth increases. Since this causes the formation 
of pin holes in barrier film, the lower magnetic layer and so 
forth cannot be excessively thick, and in the case current 
flowing between each magnetic tunnel junction structure flows 
Jrl through a common lower magnetic layer and so forth, the 

tl5 resistance element of this lower magnetic layer becomes a 

01 

O 

r~ problem. However, in descriptions relating to the above- 

mentioned magnetic resistance devices of the prior art, only 
the connection of magnetic tunnel junction structures in 
series is presented, while no considerations whatsoever have 
20 been given to an optimum connection method, thereby preventing 
the obtaining of a high magnetic resistance change rate. 

BRIEF SUMMARY OF THE INVENTION 
In order to solve the above-mentioned problems, a first 
25 object of the present invention is to provide a magnetic 
resistance device formed by connecting in series on a 
substrate a pair of magnetic tunnel junction structures, 



composed of a barrier film sandwiched between a lower magnetic 
layer and an upper magnetic layer, that is able to maintain a 
satisfactory production yield and reduce variation. 

A second object of the present invention is to provide a 
magnetic resistance device formed by connecting in series on a 
substrate magnetic tunnel junction structures, composed of a 
barrier film sandwiched between a lower magnetic layer and an 
upper magnetic layer, that allows the obtaining of a high 
magnetic resistance change rate. 

A first constitution of the present invention for 
achieving the above-mentioned first object is characterized by 
independently forming a pair of magnetic tunnel junction 
structures, composed of a barrier film sandwiched between a 
lower magnetic layer and an upper magnetic layer, on 
respective conductive layers provided consecutively on a 
substrate, and independently forming upper electrodes on each 
upper magnetic layer of the above-mentioned pair of magnetic 
tunnel junction structures. 

In this case, a stationary magnetizing layer 
(antif erromagnetic layer or ferromagnetic layer) for making 
each lower magnetic layer a stationary layer should be 
independently and separately provided between the above- 
mentioned conductive layer and each lower magnetic layer of 
the above pair of magnetic tunnel junction structures, or said 
stationary magnetizing layer should be provided continuously 
shared by each. In addition, the above-mentioned stationary 
magnetizing layer may be independently and separately provided 



between each upper magnetic layer of the above pair of 
magnetic tunnel junction structures and each of the above 
independent upper electrodes. In this type of magnetic 
resistance device, the above pair of magnetic tunnel junction 
structures should be formed by ion beam etching on the above 
conductive layer. 

In this manner, according to the first constitution of 
the present invention, since a pair of magnetic tunnel 
junction structures is independently separated to each lower 
magnetic layer, if a pair of magnetic tunnel junction 
structures is formed separately by ion beam etching treatment 
as described above, completion of ion beam etching treatment 
can be made to respond to detection of the material of the 
layer immediately beneath the lower magnetic layer, making it 
possible to reliably separate each barrier film in the pair of 
magnetic tunnel junction structures. Thus, according to the 
present invention, in addition to eliminating poor yield 
during production, magnetic resistance devices having nearly 
identical properties can be mass produced easily. 

A second constitution of the present invention for 
achieving the above second object is characterized by a 
magnetic resistance device comprising connecting a pair of 
magnetic tunnel junction structures, composed of a barrier 
film sandwiched between a lower magnetic layer and an upper 
magnetic layer, in series on a substrate, wherein together 
with respectively forming the shape of each of the above 
magnetic tunnel junction structures when viewed in a plan view 
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as a rectangle comprised of long sides and short sides, each 
of the long sides of each of said magnetic tunnel junction 
structures is arranged to be in parallel and in opposition. 

In this case, each of the lower magnetic layers of the 
above pair of magnetic tunnel junction structures should be 
electrically connected on the above substrate. 

In addition, as a specific example of the arrangement of 
the above plurality of magnetic tunnel junction structures, a 
third constitution of the present invention is characterized 
by a magnetic resistance device provided with a plurality of 
magnetic tunnel junction structures linearly on a substrate 
and connecting them in series, wherein together with 
respectively forming the shape of each of the above magnetic 
tunnel junction structures when viewed in a plan view as a 
rectangle, the long sides of said rectangle are made to be 
perpendicular to the direction in which the above plurality of 
magnetic tunnel junction structures are arranged. 

In this case, the above plurality of magnetic tunnel 
junction structures should be connected in series by 
alternately and electrically connecting, in each adjacent pair 
of magnetic tunnel junction structures, the upper magnetic 
layer of a magnetic tunnel junction structure to the lower 
magnetic layer of the next magnetic tunnel junction structure 
in succession. Alternatively, the above plurality of magnetic 
tunnel junction structures may also be connected in series by 
successively and electrically connecting the lower magnetic 
layer of each magnetic tunnel junction structure to the upper 



magnetic layer of the adjacent magnetic tunnel junction 
structure along a single direction. 

In addition, as a specific example of a different mode of 
the arrangement of the above plurality of magnetic tunnel 
junction structures, a fourth constitution of the present 
invention is characterized by respectively forming the shape 
of each of the above magnetic tunnel junction structures when 
viewed in a plan view as a rectangle comprised of long and 
short sides, making each long side of each pair of magnetic 
tunnel junction structures in parallel and mutually opposing, 
and arranging said plurality of magnetic tunnel junction 
structures linearly in the direction of each long side and in 
two rows in the direction of each short side. 

In this case, said plurality of magnetic tunnel junction 
structures are connected in series by respectively 
electrically connecting each lower magnetic layer of each pair 
of magnetic tunnel junction structures in which said long 
sides are mutually opposing, and electrically connecting every 
other upper magnetic layer of each adjacent magnetic tunnel 
junction structure for every row. 

According to the constitutional characteristics of the 
second to fourth constitutions of the present invention 
composed in the manner described above, since the current that 
flows between each of the magnetic tunnel junction structures 
is in a direction perpendicular to the lengthwise direction of 
the rectangle of each magnetic tunnel junction structure, 
namely passing through a plane having a large surface area, 
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the resistance between each magnetic tunnel junction structure 

can be reduced. In particular, even if a lower magnetic 

layer, stationary magnetizing layer (antif erromagnet ic layer 

or ferromagnetic layer) , conductive layer and other layers 

5 located beneath the barrier film cannot be made to be thick as 

a result of forming the magnetic resistance device using ion 

beam etching treatment and so forth, since current flows in 

the direction in which the cross-sectional area of the lower 

magnetic layer and other layers is large, the resistance 

y|0 between each magnetic tunnel junction structure can be 
SI 

SJ reduced. Thus, according to the present invention, resistance 

'M 

yj values of resistance elements other than the barrier film can 

ry 

y-| be held to a low level, and the magnetic resistance change 

p rate of the magnetic resistance device can be maintained at a 

ry 

jj5 large value, 
pi 

□ In addition, a fifth constitution of the present 

H" 

invention is characterized by a magnetic resistance device 
comprising a plurality of magnetic tunnel junction structures, 
composed of a barrier film sandwiched between a lower magnetic 

20 layer and an upper magnetic layer, arranged on a substrate, 
wherein together with the above plurality of magnetic tunnel 
junction structures being arranged vertically and horizontally 
in groups of a plurality of structures each in the form of a 
matrix, said plurality of magnetic tunnel junction structures 

25 are connected in series. 

In this case, together with linearly, successively and 
electrically connecting the above plurality of magnetic tunnel 



junction structures in the vertical or horizontal direction of 
the above matrix, said plurality of magnetic tunnel junction 
structures are connected in series by electrically connecting 
so as to turn around at both ends of said matrix. 

According to the fifth constitution of the present 
invention, since a large number of magnetic tunnel junction 
structures can be connected in series, and a large voltage can 
be applied overall even though the voltage applied to a single 
magnetic tunnel junction device is small, a large voltage can 
be obtained while holding down the reduction in the magnetic 
resistance change rate as much as possible, enabling an 
adequate detection voltage to be obtained corresponding to 
changes in the magnetic field. In addition, since a plurality 
of magnetic tunnel junction structures are arranged in the 
form of a matrix, a magnetic resistance device can be formed 
in the shape of a square of appropriate length without being 
excessively wide or long, thereby being advantageous in terms 
of production and strength. 

In the magnetic resistance device of the above fifth 
constitution, together with respectively forming each of the 
shapes of the above plurality of magnetic tunnel junction 
structures when viewed in a plan view as a rectangle, the 
shape of a matrix composed of said plurality of magnetic 
tunnel junction structures may be formed when viewed in a plan 
view as a rectangle, and the direction of the long sides of 
the rectangle of each of the above magnetic tunnel junction 
structures may be aligned with the long sides of the rectangle 



of the above matrix. 

In a magnetic resistance device composed in this manner, 
since the width perpendicular to the direction of the magnetic 
field of the magnetic resistance device can be shortened, the 
degree of the effect of a demagnetizing field can be held to a 
low level. Thus, in addition to effects resulting from having 
arranged a large number of magnetic tunnel junction structures 
in the form of the above matrix, a large magnetic resistance 
change rate can be secured without being subjected to the 
effects of demagnetizing fields. 

Furthermore, in the' above description, a rectangle may be 
nearly a rectangular shape, and even if it has somewhat 
rounded corners, it is still referred to as a rectangle in the 
present specification. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

Fig. 1 is a cross-sectional view of a magnetic resistance 
device showing an example of the basic constitution as in a 
first embodiment of the present invention. 

Figs. 2A through 2D are cross-sectional views showing the 
production method of a magnetic resistance device as in the 
above example of the basic constitution in the order of the 
production sequence. 

Figs. 3A through 3D are cross-sectional views of a 
magnetic resistance device showing the next step of Fig. 2 in 
the order of the production sequence. 

Fig. 4 is a cross-sectional view of a magnetic resistance 



device showing a first variation of the above example of the 
basic constitution. 

Fig. 5 is a cross-sectional view of a magnetic resistance 
device showing a second variation of the above example of the 
basic constitution. 

Fig. 6 is a cross-sectional view of a magnetic resistance 
device showing a third variation of the above example of the 
basic constitution. 

Fig. 7 is a cross-sectional view of a magnetic resistance 
device showing a fourth variation of the above example of the 
basic constitution. 

Fig. 8A is a schematic overhead view showing a first 
connection example in which a plurality of magnetic resistance 
devices as in a first variation of the above example of the 
basic constitution are connected linearly in series. Fig. 8B 
is a cross-sectional view of the above magnetic resistance 
device connected linearly in series. Fig. 8C is an equivalent 
circuit diagram of the above magnetic resistance device 
connected linearly in series. 

Fig. 9A is a schematic overhead view showing a second 
connection example in which the above plurality of magnetic 
resistance devices are connected linearly in series. Fig. 9B 
is a schematic overhead view showing a third connection 
example in which the above plurality of magnetic resistance 
devices are connected linearly in series. 

Fig. 10A is a schematic overhead view showing a magnetic 
resistance device in which a plurality of magnetic tunnel 



resistance devices as in one embodiment of the present 
invention are connected linearly in series (fourth connection 
example) . Fig. 10B is a cross-sectional view of the above 
magnetic resistance device. 

Figs. 11A through 11D are cross-sectional views showing 
the production of the above magnetic resistance device in the 
order of the production sequence. 

Figs. 12A through 12C are cross-sectional views of a 
magnetic resistance device showing the next step of Fig. 11 in 
the order of the production sequence. 

Fig. 13A is a schematic overhead view showing a magnetic 
resistance device as in a variation of the above fourth 
connection example (fifth connection example) . Fig. 13B is a 
cross-sectional view of the above magnetic resistance device. 

Fig. 14 is a schematic overhead view showing a magnetic 
resistance device as in a variation of the above fourth 
connection example (sixth connection example) . 

Fig. 15A is a schematic overhead view of a magnetic 
resistance device as in a first comparative example in which a 
plurality of magnetic tunnel resistance devices are connected 
in series to evaluate the performance of the magnetic 
resistance device as in the above fourth through sixth 
connection examples. Fig. 15B is a schematic overhead view of a 
magnetic resistance device as in a second comparative example 
for the same purpose. 

Fig. 16 is a cross-sectional view of a magnetic resistance 
device showing a first variation of the laminated structure. 
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Fig. 17 is a cross-sectional view of a magnetic 
resistance device showing a second variation of the laminated 
structure . 

Fig. 18 is a cross-sectional view of a magnetic 
resistance device showing a third variation of the laminated 
structure . 

Fig. 19 is a cross-sectional view of a magnetic 
" resistance device showing a fourth variation of the laminated 
structure . 

Fig. 20A shows the measurement results following 
measurement of the output voltage waveform of a magnetic 
tunnel resistance device in which the aspect ratio is "2" by 
changing the magnetic field. Fig. 20B shows the measurement 
results following measurement of the output voltage waveform 
of a magnetic tunnel resistance device in which the aspect 
ratio is "4" by changing the magnetic field. 

Fig. 21 is a schematic overhead view of a magnetic 
^resistance device having a first matrix structure in which a 
plurality of magnetic resistance devices are arranged in the 
form of a matrix. 

Fig. 22 is a schematic overhead view of a magnetic 
resistance device having a second matrix structure in which a 
plurality of magnetic resistance devices are arranged in the 
form of a matrix. 

Fig. 23 is a characteristics graph of output voltage 
versus magnetic field of a magnetic resistance device having 
the above second matrix structure. 
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DETAILED DESCRIPTION OF THE INVENTION 
Although the following provides an explanation of the 
magnetic resistance device as in the embodiments of the 
5 present invention, an explanation is first provided regarding 
an example of the basic constitution having only a pair of 
magnetic tunnel junction structures, 
a. Example of Basic Constitution 

Fig. 1 shows a cross-sectional view of an example of the 

ri 

~10 basic constitution of magnetic resistance device 1. This 



magnetic resistance device 1 has lower electrode 3, composed 
of first conductive film 6 made of, for example, Ti having a 
film thickness of 15 nm, and, second conductive film 7 made 
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of, for example, Cu having a film thickness of 300 nm, formed 

ry 

«15 on substrate 5 made of, for example, Si0 2 /Si, glass or quartz. 
P Two antif erromagnetic films 8, made of, for example, RhMn 
having a film thickness of 50 nm, are separately formed on 
lower electrode 3. Each lower magnetic layer - 9 made of, for 
example, Co having a film thickness of 30 nm, is respectively 
20 formed on each ant if erromagnetic film 8, and each barrier film 
10, formed by oxidation treatment of, for example, an Al film 
having a film thickness of 1.8 nm, is respectively provided on 
each lower magnetic layer 9. Each upper magnetic layer 11 
made of, for example, NiFe having a film thickness of 65 nm, 
25 is respectively provided on each barrier film 10. 

Magnetic tunnel resistance devices 2 are respectively 
formed by these antif erromagnetic films 8, lower magnetic 



layers 9, barrier films 10 and upper magnetic layers 11. 
Namely, magnetic tunnel resistance devices 2 are respectively 
provided between each of two upper electrodes 4 and lower 
electrode 3. Antif erromagnetic films 8 are fixed in the 
direction of magnetization of lower magnetic layers 9 so that 
magnetization of lower magnetic layers 9 is not reversed 
within the range over which magnetization of upper magnetic 
layers 11 is reversed (namely, antif erromagnetic films 8 are 
used as stationary magnetizing layers with respect to lower 
magnetic layers 9) . In this case, in addition to lower 
magnetic layers 9 functioning as stationary layers, upper 
magnetic layers 11 function as free layers. In the present 
invention, the free layer is defined as a magnetic layer of 
which a magnetization rotates under the influence of an 
external magnetic field. In contrast, the pinned layer is 
defined as a magnetic layer of which a direction of 
magnetization does not rotate under the influence of the 
external magnetic field. 

Furthermore, in the present specification, a structure in 
which the above barrier film 10 is sandwiched between lower 
magnetic layer (stationary layer) 9 and upper magnetic layer 

(free layer) 11 is referred to as a magnetic tunnel junction 
structure. In addition, the shape of upper magnetic layers 11 

(magnetic tunnel resistance device 2) when viewed in a plan 
view is in the form of a rectangle, the long sides of which 
measure 8 um while the short sides measure 2 (im. Namely, the 
aspect ratio (ratio of the long sides to the short sides of 
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the free layer) of this magnetic tunnel resistance device 2 is 
set to "4". 

Interlayer insulating film 12 made of, for example, Si0 2 
having a film thickness of 1000 nm is formed at the region 
covering substrate 5, lower electrode 3 and magnetic tunnel 
resistance devices 2. Contact holes 13 are respectively 
formed in this interlayer insulating film 12 over magnetic 
tunnel resistance devices 2. Upper electrodes 4 made of, for 
example, Cu having a film thickness of 300 nm are respectively 
formed so as to bury these contact holes 13. In this manner, 
a magnetic resistance device 1 is formed in which two magnetic 
tunnel resistance devices 2 are connected in series on said 
lower electrode 3 (first and second conductive films 6 and 7) 
by sharing said lower electrode 3 (first and second conductive 
films 6 and 7 ) . 

Next, an explanation is provided of the production method 
of magnetic resistance device 1 as in this example of the 
basic constitution using the flow charts of Figs. 2 and 3. 
(1) Step 1 

To begin with, a pre-cleaned substrate 5 made of, for 
example, Si0 2 /Si, glass or quartz, is placed in a sputtering 
apparatus. The chamber of this sputtering apparatus is 
evacuated to 1 x 10" 7 Torr or lower. Argon gas having a purity 
of, for example, 99.9999% is introduced into the chamber until 
the pressure reaches 4 mTorr. Direct current power of, for 
example, 200 W is applied to a sputter gun installed inside 
the chamber, and using, for example, Ti and Cu targets having 



a target size diameter of 126 mm, a Ti film having a film 
thickness of 15 nm is deposited on substrate 5 in the form of 
first conductive film 6 at a deposition rate of, for example, 
12 nm/minute. A Cu film having a film thickness of 300 nm is 
then deposited on this first conductive film 6 in the form of 
second conductive film 7 at a deposition rate of, for example, 
25 nm/minute. 

(2) Step 2 

Next, as shown in Fig. 2A, in an argon gas atmosphere at, 
for example, 4 mTorr, direct current power of 100 W is applied 
to a sputter gun having a target size diameter of 126 mm, and 
an RhMn film having a film thickness of 50 nm is deposited on 
the second conductive film 7 in the form of ant if erromagnetic 
film 8 at a deposition rate of 6.5 nm/minute. A direct 
current power of 100 W is then applied to a sputter gun having 
a target size diameter of 126 mm to deposit a Co film having a 
film thickness of 30 nm on this antif erromagnetic film 8 in 
the form of lower magnetic layer 9 at a deposition rate of 6 
nm/minute . 

(3) Step 3 

Next, as shown in Fig. 2A, for example, a direct current 
power of 20 W is applied to a sputter gun having a target size 
diameter of 126 mm to deposit an Al film having a film 
thickness of 1.8 nm on lower magnetic layer 9 using Al at a 
deposition rate of 2 nm/minute. After depositing the Al film, 
substrate 5 is transferred to a treatment chamber without 
breaking the vacuum, pure oxygen is introduced until the 
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pressure in the chamber reaches 100 Torr, and oxidation 
treatment of the Al film is performed by, for example, 
allowing to stand for 20 minutes. As a result, barrier film 
10 is obtained composed of aluminum oxide A1 2 0 3 . 

(4) Step 4 

Next, as shown in Fig. 2A, for example, direct current 
power of 100 W is applied to a sputter gun having a target 
size diameter of 126 mm to deposit an NiFe film having a film 
thickness of 65 nm on barrier film 10 in the form of upper 
magnetic layer 11 at, for example, a deposition rate of 6.5 
nm/minute . 

(5) Step 5 

Next, after patterning the upper surface of upper 
magnetic layer 11 with a resist film, the outer edges of upper 
magnetic layer 11, barrier film 10, lower magnetic layer 9, 
antif erromagnetic film 8, second conductive film 7 and first 
conductive film 6 are removed by ion beam etching using an ion 
milling apparatus to form a laminated structure consisting of 
upper magnetic layer 11, barrier film 10, lower magnetic layer 
9, antif erromagnetic film 8, second conductive film 7 and 
first conductive film 6, from which the edges have been 
removed, as shown in Fig. 2B. In this case, in the above 
etching, for example, the applied power is 500 V and 400 mA, 
the gas pressure is 0.2 mTorr, and the etching rate is 70 
nm/minute. This etching is conditioned on detection of the 
material (such as Si0 2 /Si) of substrate 5 dug up by said 
etching, and is completed after the passage of a certain 



amount of time after this detection, followed by removal of 
the resist film with acetone. 

(6) Step 6 

Next, after patterning the upper surface of upper 
magnetic layer 11 with a resist film, the central portion in 
the lateral direction shown in the drawing and both edges of 
upper magnetic layer 11, barrier film 10, lower magnetic layer 
9 and ant if erromagnetic film 8 are removed by ion beam etching 
using an ion milling apparatus to respectively form a pair of 
laminated structures respectively composed of upper magnetic 
layer 11, barrier film 10, lower magnetic layer 9 and 
antif erromagnetic film 8 on second conductive film 7 as shown 
in Fig. 2C. The conditions of the above etching and removal 
of the resist film are the same as those of the above step 5. 
Furthermore, in this case, etching is conditioned on the 
detection of the material (Cu) of second conductive film 7 dug 
up by said etching, and is completed at the time of said 
detection or after the passage of a certain amount of time 
after said detection. 

(7) Step 7 

Next, after patterning the upper surface of the pair of 
upper magnetic layers 11 with a resist film, the outer edges 
of each upper magnetic layer 11 are removed by ion beam 
etching using an ion milling apparatus to leave upper magnetic 
layers 11 only in the center of each upper surface of each 
barrier film 10 as shown in Fig. 2D. In this etching, the 
applied power is 500 V and 400 mA, the gas pressure is 0.2 
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mTorr, the etching rate is 20 nm/minute, and the beam angle is 
0 degrees. In addition, completion of etching is conditioned 
on the detection of the material (A1 2 0 3 ) of barrier film 10 dug 
up by said etching, and is completed at the time of said 
5 detection or after the passage of a certain amount of time 
after said detection. 

Following the above etching, in order to remove the so- 
called side wall deposits resulting from the processed article 
having become adhered to the side walls, only the beam angle 
,^0 of the above etching conditions is changed to 60 degrees to 

Si 

%j remove the deposits. The resist is then removed with acetone 
Si 

hj following completion of etching. As a result, a pair of 

ru 

Lff magnetic tunnel resistance devices 2 are formed on second 

9 

□ conductive film 7 respectively composed of antif erromagnetic 

ru 

njL5 film 8, lower magnetic layer 9, barrier film 10 and upper 
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p magnetic layer 11. The size of each of these magnetic tunnel 
resistance devices (size of upper magnetic layer 11 which is 
the free layer) is such that the short sides measure 2 urn 
while the long sides measure 8 |im. Namely, the aspect ratio of 
20 each magnetic tunnel resistance devices 2 is "4". 
(8) Step 8 

Next, the resulting product following completion of step 
7 is placed inside a vacuum chamber of the sputtering 
apparatus. After then, for example, evacuating the inside of 
25 the vacuum chamber to 2.0 x 10" 6 Torr or lower and introducing 
argon gas at 5 mTorr, the top of substrate 5 is covered with 
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interlayer insulating film 12 as shown in Fig. 3A. In this 
case, for example, power of 900 W having a frequency of 13.56 
MHz is applied to an Si02 target having a diameter of 126 mm 
to form interlayer insulating film 12 comprised of Si0 2 and 
5 having a film thickness of 1000 nm at a deposition rate of 13 
nm/minute . 

(9) Step 9 

Next, after patterning the upper surface of the deposited 
g interlayer insulating film 12 with a resist film, interlayer 

S10 insulating film 12 above each upper magnetic layer 11 is 

S| 

SI removed by ion beam etching using an ion milling apparatus to 
Ul 

pj form contact holes 13 in interlayer insulating film 12 as 

m 

a shown in Fig. 3B. In this etching, for example, the applied 

□ 

fU power is 500 V and 400 mA, gas pressure is 0.2 mTorr, etching 
QH5 rate is 30 nm/minute and the beam angle is 0 degrees. This 
j=^> etching is conditioned on detection of the material (NiFe) of 
upper magnetic layer 11 dug up by said etching, and is 
completed after the passage of a certain amount of time after 
this detection, followed by removal of the resist film using, 
20 for example, acetone. 

(10) Step 10 

Next, the product on which formation of contact holes 13 
has been completed is placed in a vacuum chamber, and after 
evacuating the inside of the vacuum chamber to 2.0 x 10~ 6 Torr 
25 or lower, argon gas is introduced at, for example, 5 mTorr. 
As shown in Fig. 3C, for example, power of 200 W having a 
frequency of 13.56 MHz is applied to a Cu target having a 



diameter of 126 mm to form upper electrode 4 comprised of Cu 
and having a film thickness of 300 nm at a deposition rate of 
30 nm/minute . 
(11) Step 11 

Next, after patterning the upper surface of the deposited 
upper electrode 4 with a resist film, the center of upper 
electrode 4 (notch 14) is removed by ion beam etching using an 
ion milling apparatus to separate upper electrode 4 into two 
sections as shown in Fig. 3D. In this etching, the applied 
power is 500 V and 400 mA, gas pressure 0.2 mTorr, and the 
etching rate is 70 nm/minute. This etching is conditioned on 
detection of the material (Si0 2 ) of interlayer insulating film 
12 dug out by said etching, and is completed after the passage 
of a certain amount of time after this detection, followed by 
removal of the resist film using, for example, acetone 
following completion of said etching. As a result, magnetic 
resistance device 1 using magnetic tunnel effects shown in 
Fig. 1 is formed. 

In this manner, in the ion beam etching of the above 
steps 5-7, 9 and 11, since ion beam etching stops as a result 
of detecting the material component of the layer beneath an 
unnecessary portion, a portion of the upper surface of said 
layer positioned beneath is also removed in order to reliably 
remove said unnecessary portion. 

In the example of the basic constitution composed in the 
manner described above, if a voltage is applied between the 
pair of upper electrodes 4, current flows through one of the 
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tunnel resistance devices 2, first and second 
e films 6 and 7, and the other magnetic tunnel 
e device 2. At this time, if the external magnetic 
changed, the resistance value of the pair of magnetic 
sistance devices 2 connected in series changes 
the change in the external magnetic field to be 

In magnetic resistance device 1 in which this pair 
ic tunnel resistance devices 2 are connected in 
ven if the voltage applied between upper electrodes 4 
sed to a certain degree, since the voltage applied to 
tic tunnel resistance device 2 is not that large, a 
y large voltage change can be obtained while 
ng a large magnetic resistance change rate, 
ddition, according to the example of the basic 
ion described above, since magnetic resistance device 
1 1 is formed using ion beam etching treatment, minute treatment 
can be performed. In order to separate the pair of magnetic 
tunnel resistance devices 2, upper magnetic layer 11, barrier 
film 10, lower magnetic layer 9 and antif erromagnetic layer 8 
20 are removed by ion beam etching, while the above ion beam 

etching is terminated by detection of the material of second 
conductive film 7. Consequently, upper magnetic layers 11, 
barrier films 10, lower magnetic layers 9 and 
antif erromagnetic layers 8 can be reliably isolated and 
25 separated. As a result, according to the above example of the 
basic constitution, in addition to eliminating worsening of 
the production yield, magnetic resistance devices 1 having 
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nearly identical properties can be easily mass-produced, 
b. Variations of the Example of the Basic Constitution 

Next, a first variation of the above example of the basic 
constitution is explained using Fig. 4. In this first 
variation, lower electrode 3 is provided in which a first 
conductive film made of Cr (or Ti) and having a film thickness 
of about 10 nm is formed on substrate 5. A pair of magnetic 
tunnel resistance devices 2 are provided on lower electrode 3 
while sharing lower electrode 3. These magnetic tunnel 
resistance devices 2 each have laminated structures composed 
of antif erromagnetic films (stationary mobilizing layers) 8, 
lower magnetic layers 9, barrier films 10 and upper magnetic 
layers 11 having the same shape (rectangle measuring 10 x 60 
fim and an aspect ratio of "6") when viewed in a plan view. 
Antif erromagnetic films (stationary magnetizing layers) 8 are 
made of RhMn having a film thickness of about 30 nm. Lower 
magnetic layers 9 are made of NiFe having a film thickness of 
about 10 nm. Barrier films 10 are made of A1 2 0 3 having a film 
thickness of about 2 nm. Upper magnetic layers 11 are 
composed of a bi-layer structure comprised of a Co film having 
a film thickness of about 2 nm for the lower layer, and an 
NiFe film having a film thickness of about 20 nm for the upper 
layer. In order to provide a margin by etching of each 
magnetic tunnel resistance device 2, dummy film 16 made of an 
Mo film, having a film thickness of about 60 nm and having the 
same shape when viewed in a plan view as each of said upper 
magnetic layers 11 is formed over each upper magnetic layer 



11. Interlayer insulating film 12 is formed with Si0 2 to a 
film thickness of about 250 nm, and upper electrode 4 is 
formed with Al to a film thickness of about 300 nm. 

In the production of magnetic resistance device 1 as in 
the first variation composed in this manner, lower electrode 
3, antif erromagnetic film 8, lower magnetic layer 9, barrier 
film 10, upper magnetic layer 11 (comprised of a Co film and 
NiFe film) and dummy film 16 are laminated to the above 
thickness on substrate 5 using the same type of method as 
steps 1 through 4 of the previously described example of the 
basic constitution. Next, the outer edge of this laminated 
structure consisting of lower electrode 3, antif erromagnetic 
film 8, lower magnetic layer 9, barrier film 10, upper 
magnetic layer 11 (comprised of a Co film and NiFe film) and 
dummy film 16 on substrate 5 are removed by ion beam etching 
using an ion milling apparatus in the same manner as step 5 of 
the above example of the basic constitution. Next, the 
central portion in the lateral direction shown in the drawing 
and both edges of dummy layer 16, upper magnetic .layer 11, 
barrier film 10, lower magnetic layer 9 and ant if erromagnetic 
film 8 are removed by ion beam etching in the same manner as 
step 6 of the above example of the basic constitution to 
independently form a pair of separate laminated structures 
consisting of antif erromagnetic films 8, lower magnetic layers 
9, barrier films 10, upper magnetic layers 11 and dummy films 
16 on lower electrode 3. Interlayer insulating film 12 and 
upper electrodes 4 are then formed in the same manner as steps 
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8 through 11 of the above example of the basic constitution. 

In this manner, in this first variation as well, magnetic 
resistance device 1 is formed using ion beam etching in which 
a pair of magnetic tunnel junction structures, respectively 
5 comprised of lower magnetic layers 9, barrier films 10 and 
upper magnetic layers 11, are independently connected in 
series on common lower electrode 3 through a pair of 
independent ant if erromagnet ic layers 8. In the forming of 
this pair of magnetic tunnel junction structures as well, 
vQLO since the portion extending from dummy film 16 to upper 

•a 

Nt magnetic layer 11, barrier film 10, lower magnetic layer 9 and 
SI 

lU antif erromagnetic film 8 is removed by ion beam etching, and 

ru 

Ul said ion beam etching is terminated by detection of the 

5 

O material of lower electrode 3, the portion extending to dummy 

ru 

5 films 16, upper magnetic layers 11, barrier films 10, lower 

rs 

3 magnetic layers 9 and ant i ferromagnetic layers 8 can be 

reliably separated. As a result, in this first variation as 
well, in addition to eliminating worsening of the production 
yield, magnetic resistance devices 1 having nearly identical 

20 properties can be easily mass-produced. 

In addition, the previously mentioned example of the 
basic constitution can also be altered in the manner of the 
following second through fifth variations. As shown in Fig. 
5, a magnetic resistance device 1 as in a second variation 

25 provides a pair of magnetic tunnel junction structures, 

respectively composed of lower magnetic layers 9, barrier 
films 10 and upper magnetic layers 11, separately and 
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connected in series on ant if erromagnet ic film 8 by 
continuously arranging lower electrode 3 and ant if erromagnet ic 
film 8 so as to be shared by them. In the forming of this 
pair of magnetic tunnel junction structures as well, since the 
5 portion from dummy layer 16 to upper magnetic layer 11, 

barrier film 10 and lower magnetic layer 9 is removed by ion 
beam etching using an ion milling apparatus, and said ion beam 
etching is terminated by detection of the material of 
antif erromagnetic film 8, the portion extending to dummy films 

□ 

^L0 16, upper magnetic layers 11, barrier films 10 and lower 
magnetic layers 9 can be reliably separated. In addition, 

Si 

yj even if antif erromagnet ic layer 8 is somewhat excessively 

ry 

Uj removed, since lower electrode 3 is provided continuously in 
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common with it, there are no changes in the properties of 



Q15 magnetic tunnel resistance device 2. As a result, in this 

m 

second variation as well, in addition to eliminating worsening 



of the production yield, magnetic resistance devices 1 having 
nearly identical properties can be easily mass-produced. 

As shown in Fig. 6, magnetic resistance device 1 as in a 

20 third variation is such that the antif erromagnetic film 8 of 
the above first variation is respectively separated between a 
pair of magnetic tunnel resistance devices 2 so as to be 
provided between each upper magnetic layer 11 and each dummy 
film 16. Accordingly, together with upper magnetic layers 11 

25 functioning as stationary layers, lower magnetic layers 9 

function as free layers. In addition, in the production of 
this magnetic resistance device 1 as in this third variation, 
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together with changing the order of lamination using the same 
materials as the above second variation at the same film 
thicknesses, lower magnetic layers 9, barrier films 10, upper 
magnetic layers 11, antif erromagnetic films 8 and dummy films 
16 should be respectively formed separately and independently 
on a common lower electrode 3 by ion beam etching using an ion 
milling apparatus. 

As shown in Fig. 7, a magnetic resistance device 1 as in 
a fourth variation removes the antif erromagnetic film 8 of the 
above first through third variations so that a pair of 
magnetic tunnel resistance devices 2 are only composed of 
lower magnetic layers 9, barrier films 10 and upper magnetic 
layers 11. In this case, as a result of providing a somewhat 
large difference in coercive force between each lower magnetic 
layer 9 and each upper magnetic layer 11, together with 
allowing that having the smaller coercive force to function as 
a free layer, that having the larger coercive force is allowed 
to function as a stationary layer. In addition, in the 
production of this magnetic resistance device 1 as in this 
fourth variation, together with laminating using the same 
materials as the above first variation at the same film 
thicknesses while excluding antif erromagnetic film 8, lower 
magnetic layers 9, barrier films 10, upper magnetic layers 11 
and dummy films 16 should be respectively formed separately 
and independently on a common lower electrode 3 by ion beam 
etching using an ion milling apparatus. 

In these third and fourth variations as well, since a 



pair of magnetic tunnel junction structures comprising lower 
magnetic layers 9, barrier films 10 and upper magnetic layers 
11 are composed by independently connecting in series on a 
common lower electrode 3 using ion beam etching treatment, 
similar effects can be expected as in the above first and 
second variations. 

Furthermore, in the above first and second variations, 
together with using ant if erromagnet ic film 8 as a stationary^ 
magnetizing layer in order to use lower magnetic layer 9 as a 
stationary layer, in the above third variation, 
antif erromagnetic film 8 comprised of RhMn is used as a 
stationary magnetizing layer in order to use upper magnetic 
layer 11 as a stationary layer. However, an antif erromagnet ic 
film 8 comprised of FeMn or PtMn and so forth may be used 
instead of one comprised of RhMn. 

In addition, a ferromagnetic film comprised of CoPtCr and 
so forth having a film thickness of about 30 nm can 
respectively be used as a stationary magnetizing layer in 
order to use lower magnetic layer 9 or upper magnetic layer 11 
as a stationary layer. As a result of using a ferromagnetic 
film comprised of. CoPtCr, in addition to the effects obtained 
by the above first through fourth variations, favorable 
temperature characteristics are also obtained. In addition, a 
ferromagnetic film having sufficiently large coercive force 
such as that comprised of CoTaCr can also be used in place of 
that comprised of the above CoPtCr. 

In addition, in the above example of the basic 
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constitution and each of its variations, although an Al film 
is oxidized by allowing to stand for 20 minutes in a pure 
oxygen chamber according to the treatment of the above step 3 
in order to form barrier film 10, in this case, the final 
5 normalized resistance value per one magnetic tunnel resistance 
device 2 is about 20 kQ»ujn 2 . In order to increase this 
normalized resistance value, the thickness of the above Al 
film may be increased and the above oxidation treatment time 
may be lengthened. As a result, the above normalized 

*yL0 resistance value can be increased to roughly 200 kQ«|im 2 . In 
SJ 

addition, the above normalized resistance value can also be 

SJ 

increased to 1 M Q«|im 2 by introducing oxygen into the vacuum 

i y 
m 

chamber following deposition at 100 mTorr, generating oxygen 
plasma by applying a high frequency of, for example, 13.56 
£Jl5 MHz, and exposing the Al film to the oxygen plasma for, for 
example, 1 minute. 

In addition, although the production method of barrier 
film 10 used a method using pure oxygen in the present 
embodiment, there are no particular restrictions on the 
20 production method by the present invention, and the present 
invention can also use a method such as natural oxidation or 
oxidation by irradiating the Al film with an oxygen ion beam 
in place of oxygen plasma. 

In this manner, although the normalized resistance value 
25 of magnetic tunnel resistance device 2 is adjusted in various 
ways, when this normalized resistance value increases, since 



m 
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the effects of thermal noise increase, it is necessary to 
restrict the normalized resistance value to a certain value 
depending on the application. 

In addition, although Cu, Ti, Cr and so forth are used as 
the materials of lower electrode 3 in the above example of the 
basic constitution and each of its variations, the material of 
lower electrode 3 is not limited to these, while conducting, 
non-magnetic metal materials such as W, Ta, Au or Mo can also 
be used. In addition, each of the conducting, non-magnetic 



y.0 metal materials like those described above can also be used 

for upper electrode 4 and dummy film 16. 

?* Moreover, in the example of the basic constitution and 

UJ 

SJJ each variation composed in the manner described above, if the 
JU, film thickness between barrier film 10 and substrate 5, 
5 including lower electrode 3 of the non-magnetic layer that 
connects two magnetic tunnel resistance devices 2 or lower 
* magnetic layer 9 on this lower electrode 3, exceeds 100 nm, 
surface roughness increases that causes the formation of pin 
holes in barrier film 10. Thus, it is necessary that the film 
20 thickness not exceed 100 nm. In addition, the film thickness 
between barrier film 10 and substrate 5 should preferably be 
50 nm or less. 

c. Series Connection Examples 

Next, an explanation is provided of connection examples 
25 in which a plurality of magnetic resistance devices 1 as in 

the above-mentioned example of the basic constitution and each 
of its variations are connected in series in order maintain a 



high magnetic resistance change ratio while also obtaining a 
large output voltage. 

First Connection Example 

As shown in Figs. 8A and 8B, in a first connection 
example, a plurality of pairs of magnetic tunnel resistance 
devices 2 are connected in series on substrate 5 using 
magnetic resistance devices 1 (Fig. 4) as in the previously 
mentioned first variation. Namely, the above magnetic 
resistance devices 1 are arranged linearly on substrate 5, 
each of the upper electrodes 4 of adjacent magnetic resistance 
devices 1 are made to be continuous, and each magnetic tunnel 
resistance device 2 is connected in. series. 

Each of the shapes of ant if erromagnetic film 8, lower 
magnetic layer 9, barrier film 10 and upper magnetic layer 11 
when viewed in a plan view have the same rectangular shape and 
are laminated at the same locations. A plurality of lower 
electrodes 3 formed into a long shape are arranged linearly 
with the lengthwise direction as the direction of orientation 
on the same substrate 5. A pair of upper magnetic layers 11 
(magnetic tunnel resistance devices 2) are arranged on each 
lower electrode 3 with each of their short sides opposing each 
other in parallel, and each of their long sides aligned with 
the direction of orientation of each lower electrode 3. 
Furthermore, in order to facilitate understanding of the 
connection states between lower electrode 3, upper magnetic 
layer 11 (magnetic tunnel resistance device 2) and upper 
electrode 4 in Fig. 8A, together with omitting dummy layer 16, 
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the dimensions between lower electrode 3, upper magnetic layer 
11 (magnetic tunnel resistance device 2) and upper electrode 4 
are shown differently. 

In this manner, in an example of connecting a plurality 
5 of magnetic resistance devices 1 in series, current input to 
on upper electrode 4 of a pair of magnetic tunnel resistance 
device 2 (upper electrode 4 on both ends serves as an input 
terminal, and a prescribed voltage is applied from the 
outside) flows toward lower electrode 3 via dummy film 16, 

JgjO upper magnetic layer 11, barrier film 10, lower magnetic layer 

SJ 

9 and antif erromagnetic film 8 of the same magnetic tunnel 
ji resistance device 2. Current then flows inside lower 
jjj electrode 3 in the direction of orientation of magnetic 

resistance device 1 (direction of the arrow in Fig. 8A) to 
5 upper electrode 4 of the other magnetic tunnel resistance 
device 2 via the other antif erromagnetic film 8, lower 
magnetic layer 9, barrier film 10, upper magnetic layer 11 and 
dummy film 16 of the above pair of magnetic tunnel resistance 
devices 2, and then flows to upper electrode 4 continuous with 
20 one of the pair of magnetic tunnel resistance devices 2 of the 
other magnetic resistance device 1. 

Here, when considering the overall resistance of magnetic 
resistance device 1, as shown in Fig. 8C, total resistance is 
comprised of line resistance R L due to upper electrode 4, 
25 tunnel resistance R T due to barrier film 10, and resistance R M 
due to lower electrode 3, and these are connected in series. 
Of these resistances R L , R T and R M/ the only component for 



which the resistance value changes relative to a change in the 
magnetic field is tunnel resistance R T - Consequently, it is 
necessary to hold resistances R L and R M other than resistance 
R T of barrier film 10 to a low level to obtain a large 
magnetic resistance change rate. For example, if the size of 
the rectangle of the shape of upper magnetic layer 11 when 
viewed in a plan view is 10 um x 60 ^m (aspect ratio of "6"), 
line resistance R L is several ohms, tunnel resistance is 33 Q 
and resistance R M due to lower electrode 3 is from 20 to 100 
Q. In the case of connecting a plurality of magnetic 
resistance devices 1 in series, the apparent magnetic 
resistance change rate is approximately half of the change 
rate of the tunnel resistance R T . This is because, in contrast 
to being able to make the film thickness of upper electrode 4 
thick at 300-1000 nm, the film thickness of lower electrode 3 
cannot be made to be thick for the previously mentioned reason 
(increasing the thickness of lower electrode 3 causes the 
formation of pin holes in barrier film 10 via 

antif erromagnetic film 8 due to the surface roughness of lower 
electrode 3) and for the reason that lower electrode 3 is cut 
away by ion beam etching during production. 

Next, explanations are provided regarding second and 
third connection examples in which the arrangement of a pair 
of magnetic tunnel resistance devices 2 and the arrangement of 
each magnetic resistance device 1 are altered on a common 
lower electrode 3 of a single magnetic resistance device 1 in 



order to reduce resistance R M due to lower electrode 3 as 
mentioned above. 

Second Connection Example 

As shown in Fig. 9A, in this second connection example, a 
pair of magnetic tunnel resistance devices 2, each shape of 
which, when viewed in a plan view, has the same rectangular 
shape, and which are comprised of antif erromagnet ic film 8, 
lower magnetic layer 9, barrier film 10 and upper magnetic 
layer 11 laminated at the same locations, are arranged on a 
common lower electrode 3 so that each of their long sides is 
in parallel and in opposition to each other. A plurality of 
lower electrodes 3 are arranged linearly on substrate 5, and 
each upper magnetic layer 11 of each magnetic tunnel 
resistance device 2 on adjacent lower electrodes 3 is 
respectively connected by upper electrode 4 so that each of 
the long sides of the pair of magnetic tunnel resistance 
devices 2 (upper magnetic layers 11) arranged on different 
lower electrodes 3 are respectively in parallel and opposing 
each other. In this case, as shown by the arrows, the current 
within lower electrode 3 flows in a perpendicular direction to 
the long sides of each magnetic tunnel resistance device 2. 

Third Connection Example 

As shown in Fig. 9B, in this third connection example, a 
pair of magnetic tunnel resistance devices 2 (upper magnetic 
layers 11) composed in the same manner as the above first 
example are arranged in two rows above and below in the 
drawing on a common lower electrode 3 with each long side in 
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parallel and in opposition to each other. A plurality of 
lower electrodes 3 are arranged linearly on substrate 5, and 
each upper magnetic layer 11 of the upper or lower row (as 
shown in the drawing) of two rows of magnetic tunnel 
resistance devices 2 on adjacent lower electrodes 3 in the 
horizontal direction in the drawing is connected to the other 
via a continuous upper electrode 4 in a manner such that the 
upper electrodes 4 between the upper magnetic layers 11 in the 
upper row and those in the lower row alternate. In this case 
as well, current within lower electrode 3 flows in the 
direction perpendicular to the long sides of each magnetic 
tunnel resistance device 2 as shown with the arrows. 
Furthermore, in Figs. 9A and 9B as well, in addition to 
omitting dummy layer 16, the dimensions between lower 
electrode 3, upper magnetic layer 11 (magnetic tunnel 
resistance device 2) and upper electrode 4 are shown 
differently in order to facilitate understanding of the 
connection states between lower electrode 3, upper magnetic 
layer 11 (magnetic tunnel resistance device 2) and upper 
electrode 4. 

In the second and third connection examples of Figs. 9A 
and- 9B, since the cross-sectional area of the same lower 
electrode 3 perpendicular to the direction of current flow is 
large in comparison with the case of the first connection 
example of Fig. 8A, resistance R M due to lower electrode 3 can 
be reduced. As a result, according to the second and third 
connection examples, magnetic resistance change rate can be 



increased to a higher level than the first connection example. 

Although an explanation has been provided of the first 
through third connection examples with respect to the first 
variation of the above-mentioned example of the basic 
constitution, this applies similarly to the second through 
fourth variations along with their additional variations. In 
this case, in the second variation of Fig. 5, although current 
flows to both antif erromagnetic film 8 and lower electrode 3 
instead of lower electrode 3, the film thickness of 
ant if erromagnetic film 8 can also not be increased for the 
same reasons as described above. Thus, in this case as well, 
the cross-sectional area of antif erromagnetic film 8 
perpendicular to the direction of current flow should be made 
to be large in comparison with the case of the first 
connection example of Fig. 8A in the manner of the above- 
mentioned second and third connection examples of Figs. 9A and 
9B. 

Next, upper magnetic layer 11 (magnetic tunnel resistance 
device 2) was composed to have long sides measuring 60 uin and 
short sides measuring 10 urn with the composition of the above- 
mentioned second variation of Fig. 5. Namely, a magnetic 
tunnel resistance device was composed having an aspect ratio 
of "6", and 500 magnetic tunnel resistance devices 2 were 
respectively connected in series in the manner of the above 
Figs. 8A, 9A and 9B followed by measuring each magnetic 
resistance change rate with a magnetic tunnel sensor. 
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According to the measurement results, the magnetic resistance 
change rates induced by a magnetic field in each of the cases 
of Fig. 8A, 9A and 9B were 20%, 28% and 28%, respectively. 

On the basis of these experiment results as well, it can 
be understood that it is preferable to compose upper magnetic 
layer 11 (magnetic tunnel resistance device 2) to have a 
rectangular shape, and arrange a pair of magnetic tunnel 
resistance devices 2 on lower electrode 3 so that the 
lengthwise directions are parallel and in opposition to each 
other so that the direction of current flowing between the 
pair of magnetic tunnel resistance devices 2 is perpendicular 
to the lengthwise direction of magnetic tunnel resistance 
device 2 . 

Fourth Connection Example 

Fig. 10A is a schematic overhead view of a magnetic 
resistance device as in a fourth connection example in which 
a plurality of magnetic tunnel resistance devices are linearly 
connected in series. Furthermore, the dimensions of each 
layer are shown differently in Fig. 10A to facilitate 
understanding of the connection state of each layer. 

This magnetic resistance device is equipped with 
substrate 5 made of, for example, Si0 2 /Si, glass or quartz. A 
plurality of lower electrodes 3, in which the shape when 
viewed in a plan view has been formed as a rectangle, are 
arranged in a row on substrate 5 in the horizontal direction 
at prescribed intervals. A non-magnetic conducting material 
in the form of Cr (or Ti) is formed to a film thickness of 



about 10 nm on these lower electrodes 3. A plurality of 
antif erromagnetic films 8, formed to the same shape when 
viewed in a plan view as lower electrodes 3, made of RhMn and 
having a film thickness of about 30 nm, are respectively 
laminated onto each lower electrode 3. 

A pair of magnetic tunnel junction structures, each 
having a laminated structure comprised of lower magnetic 
layers 9, barrier films 10 and upper magnetic layers 11, are 
respectively laminated at prescribed intervals on a plurality 
of antif erromagnetic films 8. The shape of each magnetic 
tunnel junction structure when viewed in a plan view is 
respectively formed as a rectangle (for example, 10 x 60 urn), 
each long side is respectively arranged to be parallel and 
opposing each other at a prescribed interval, and the 
direction of said long sides is perpendicular to the direction 
in which antif erromagnetic film 8 and lower electrode 3 are 
arranged. Lower magnetic layers 9 are comprised of NiFe 
having a film thickness of about 10 nm. Barrier films 10 are 
comprised of AI2O3 having a film thickness of about 2 nm. 
Upper magnetic layers 11 are composed to have a bi-layer 
structure in which a Co film having a film thickness of about 
2 nm is used for the lower layer, and an NiFe film having a 
film thickness of about 20 nm is used for the upper layer. 

A pair of magnetic tunnel resistance devices 2 having an 
aspect ratio of "6" is formed on lower electrode 3 by each 
laminated structure consisting of antif erromagnetic film 8, 
lower magnetic layers 9, barrier films 10 and upper magnetic 
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layers 11. In this case, antif erromagnetic film 8 functions 
as a stationary magnetizing layer for making lower magnetic 
layers 9 stationary layers, while upper magnetic layers 11 are 
free layers. Dummy film 16, comprised of a Mo film having a 
film thickness of about 60 nm and a shape that is identical to 
each upper magnetic layer 11 when viewed in a plan view, is 
formed on each upper magnetic layer 11 to provide a margin for 
the process of forming contact holes by milling. 

Together with respectively separating the plurality of 
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'^0.0 lower electrodes 3 and antif erromagnetic films 8, an 
SI 

interlayer insulating film 12 for respectively insulating and 

S3 

separating the pair of magnetic tunnel junction structures 

Pd 

Ul provided on each antif erromagnetic film 8 is provided at the 
O reqion that covers substrate 5 and magnetic tunnel resistance 

ru 

£45 devices 2. This interlayer insulating film 12 is comprised 

en 

O of, for example, Si0 2 , and is formed to a film thickness of 
about 250 nm. 

Contact holes 13 are respectively formed in this 
interlayer insulating film 12 on magnetic tunnel resistance 

20 devices 2 '(dummy layers 16) . Together with embedding these 
contact holes 13, upper electrodes 4 made of aluminum and 
having a film thickness of, for example, 300 nm are 
respectively formed so as to mutually and electrically connect 
one each of the pair of magnetic tunnel resistance devices 2 

25 provided on different lower electrodes 3 and antif erromagnetic 
films 8. In this manner, each upper magnetic layer 11 and 
lower magnetic layer 9 of adjacent pairs of magnetic tunnel 



junction structures are respectively mutually and electrically 
connected in sequence by lower electrode 3, antif erromagnet ic 
film 8 and upper electrode 4, forming a magnetic resistance 
device in which a plurality of magnetic tunnel junction 
structures are connected in series. 
Production Method 

Next, an explanation is provided of the production method 
of a magnetic resistance device composed in the manner 
described above using Figs. 11A through 11D and Figs. 12A 
through 12C. However, Figs. 11A through 11D and Figs. 12A 
through 12C only show one lower electrode 3 and 
antif erromagnetic film 8, namely one pair of magnetic tunnel 
resistance devices 2. 

(1) Step 1 

To begin with, as shown in Fig. 2A, a pre-cleaned 
substrate 5 made of, for example, Si0 2 /Si, glass or quartz, is 
placed in a sputtering apparatus. The chamber of this 
sputtering apparatus is evacuated to 1 x 10" 7 Torr. Argon gas 
having a purity of, for example, 99.9999% is introduced into 
the chamber until the pressure reaches 4 mTorr. A Cr (or Ti) 
film having a film thickness of 10 nm is then deposited on 
substrate 5 in the form of lower electrode 3 using the sputter 
gun installed in the chamber (see Fig. 11A) . 

(2) Step 2 

Next, in an argon gas atmosphere at, for example, 4 
mTorr, an RhMn film having a film thickness of 30 nm is 
deposited on lower electrode 3 in the form of 



antif erromagnetic film 8 using a sputter gun. An NiFe film 
having a film thickness of 10 nm is deposited on this 
antif erromagnetic film 8 in the form of lower magnetic layer 9 
by the sputter gun (see Fig. 11A) . 

(3) Step 3 

An aluminum film having a film thickness of 2 nm is 
deposited on lower magnetic layer 9 by the sputter gun. After 
depositing the aluminum film, substrate 5 is transported to a 
treatment chamber without breaking the vacuum, pure oxygen is 
introduced until the pressure in the chamber reaches 100 Torr 
after which oxidation treatment of the aluminum film is 
performed by allowing to stand in the chamber for, for 
example, 20 minutes. As a result, barrier film 10 comprised 
of aluminum oxide AI2O3 is obtained (see Fig. 11A) . 

(4) Step 4 

Next, a Co film having a film thickness of 2 nm and an 
NiFe film having a film thickness of 20 nm are sequentially 
deposited on barrier film 10 in the form of upper magnetic 
layer 11 by the sputter gun. An Mo film having a film 
thickness of 60 nm is then deposited on upper magnetic layer 
11 in the form of dummy film 16 by the sputter gun (see Fig. 
HA) . 
(5) Step 5 

Next, after patterning the upper surface of dummy film 16. 
with a resist film, the outer edges of dummy film 16, upper 
magnetic layer 11, barrier film 10, lower magnetic layer 9, 
antif erromagnetic film 8 and lower electrode 3 are removed by 



ion beam etching using an ion milling apparatus to form a 
laminated structure consisting of dummy film 16, upper 
magnetic layer 11, barrier film 10, lower magnetic layer 9, 
antif erromagnetic ■ f ilm 8 and lower electrode 3, from which the 
edges have been removed, on substrate 5. This etching is 
conditioned on detection of the material (such as Si0 2 /Si) of 
substrate 5 dug up by said etching, and is completed after the 
passage of a certain amount of time after this detection, 
followed by removal of the resist film with acetone (see Fig. 

IIB) . 

(6) Step 6 

Next, after patterning the upper surface of dummy film 16 
with a resist film, the central portion in the lateral 
direction shown in the drawing and both edges of dummy film 
16, upper magnetic layer 11, barrier film 10 and lower 
magnetic layer 9 are removed by ion beam etching using an ion 
milling apparatus to respectively form a pair of laminated 
structures respectively composed of dummy film 16, upper 
magnetic layer 11, barrier film 10 and lower magnetic layer 9 
on ant if erromagnetic film 8. Furthermore, in this case, 
etching is conditioned on the detection of the material (RhMn) 
of antif erromagnetic film 8 dug up by said etching, and is 
completed at the time of said detection or after the passage 
of a certain amount of time after said detection (see Fig. 

IIC) . 

(7) Step 7 

Next, the product on which the above step 6 has been 



completed is placed in a vacuum chamber of a sputtering 
apparatus. After evacuating the inside of the vacuum chamber 
to, for example, 2.0 x 10" 6 Torr or lower, argon gas is 
introduced at 5 mTorr followed by covering substrate 5 with 
interlayer insulating film 12 comprised of Si0 2 having a film 
thickness of 250 nm (see Fig. 11D) . 

(8) Step 8 

Next, after patterning the upper surface of the deposited 
interlayer insulating film 12 with a resist film, the 
interlayer insulating film 12 over each dummy film 16 is 
removed by ion beam 'etching using an ion milling apparatus to 
form each contact hole 13 in interlayer insulating film 12. 
The completion of this etching is conditioned on the detection 
of the material (Mo) of dummy film 16 dug up by said etching, 
and is completed at the time of said detection or after the 
passage of a certain amount of time after said detection 
followed by the removal of the resist film using, for example, 
acetone (see Fig. 12A) . 

(9) Step 9 

Next, the product in which formation of contact holes 13 
has been completed is placed in a vacuum chamber, and the 
inside of the vacuum chamber is evacuated to a vacuum of 2.0 x 
10" 6 Torr or lower, followed by the introduction of argon gas 
at a pressure of, for example, 5 mTorr. Upper electrode 4 
comprised of an aluminum film having a film thickness of 300 
nm is then formed (see Fig. 12B) . 

(10) Step 10 



Next, after patterning the upper surface of the deposited 
upper electrode 4 with a resist film, the center of upper 
electrode 4 (notch 14) is removed by ion beam etching using an 
ion milling apparatus to separate upper electrode 4 into two 
sections. This etching is conditioned on detection of the 
material (Si0 2 ) of interlayer insulating film 12 dug out by 
said etching, and is completed after the passage of a certain 
amount of time after this detection, followed by removal of 
the resist film using, for example, acetone following 
completion of said etching. As a result, magnetic resistance 
device 1 using magnetic tunnel effects shown in Figs. 10A and 
10B is formed (see Fig. 12C) . 

In this manner, in the ion beam etching of the above 
steps 5, 6, 8 and 10, since ion beam etching stops as a result 
of detecting the material component of the layer beneath an 
unnecessary portion, a portion of the upper surface of said 
layer positioned beneath is also removed in order to reliably 
remove said unnecessary portion. 

Furthermore, in the magnetic resistance device of the 
above constitution, if the film thickness between barrier film 
10 and substrate 5 exceeds 100 nm, surface roughness increases 
that causes the occurrence of pin holes in barrier film 10. 
Thus, it is necessary that this film thickness not exceed 100 
nm. 

Explanation of Operation 

As a result of connecting a plurality of magnetic tunnel 
junction structures (magnetic tunnel resistance devices 2) in 
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series in this manner, the current input to one upper 
electrode 4 (upper electrodes 4 on both ends serve as input 
terminals, and a prescribed potential is applied to these 
terminals from the outside) of the pair of magnetic tunnel 
junction structures formed on a common ant if erromagnet ic film 
8 flows toward ant if erromagnet ic film 8 and lower electrode 3 
via dummy film 16, upper magnetic layer 11, barrier film 10 
and lower magnetic layer 9 of the same magnetic tunnel 
junction structure. Current then flows through 

antif erromagnetic film 8 and lower electrode 3 in direction of 
orientation of said antif erromagnetic film 8 and lower 
electrode 3 (direction of the arrow in Fig. 10A) , flows to 
upper electrode 4 of the other magnetic tunnel junction 
structure via the other lower magnetic layer 9, barrier film 
10, upper magnetic layer 11 and dummy film 16 of the above 
pair of magnetic tunnel junction structures, and finally flows 
to one of the upper electrodes 4 that is electrically 
connected of the pair of magnetic tunnel junction structures 
formed on the other antif erromagnetic film 8 and upper 
electrode 3. 

Here, when considering the overall resistance of magnetic 
resistance device 1, total resistance is comprised of line 
resistance R L due to upper electrode 4, tunnel resistance R T 
due to barrier film 10, and resistance R M due to 
antif erromagnetic film 8 and lower electrode 3, and these are 
connected in series. Of these resistances R L , R T and R M/ the 
only component for which the resistance value changes relative 



to a change in the magnetic field is tunnel resistance R T - 
Consequently, it is necessary to hold resistances R L and R M 
other than resistance R T of barrier film 10 to a low level to 
obtain a large magnetic resistance change rate. For example, 
if the size of the rectangle of the shape of magnetic 
resistance devices 2 when viewed in a plan view is 10 um x 60 
um (aspect ratio of "6"), line resistance R L is several ohms, 
tunnel resistance is 33 Q and resistance R M due to 
antif erromagnetic film 8 and lower electrode 3 is from 5 to 25 
Q per single magnetic tunnel resistance device 2. In the case 
of connecting a plurality of magnetic resistance devices 1 in 
series, the apparent magnetic resistance change rate is 
approximately half of the change rate of the tunnel resistance 
Rt . 

This is because, in contrast to being able to make the 
film thickness of upper electrode 4 thick at 300-1000 nm, the 
film thickness of antif erromagnetic film 8 and lower electrode 
3 cannot be made to be too thick so as to not make the surface 
rough and prevent the occurrence of pin holes in barrier film 
10. Thus, it is necessary to facilitate the flow of current 
through antif erromagnetic film 8 and lower electrode 3 in the 
direction of the above-mentioned arrow of Fig. 10A. Namely, 
it is necessary to lower the resistance due to 
antif erromagnetic film 8 and lower electrode 3 in the 
direction of the arrow. According to the present embodiment 
composed in the manner described above, a pair of magnetic 
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tunnel junction structures comprised of lower magnetic layer 
9, barrier film 10 and upper magnetic layer 11 were formed on 
a plurality of common antif erromagnetic films 8, the shape of 
said pair of magnetic tunnel junction structures when viewed 
in a plan view was made to be rectangular, and each of the 
long sides of said rectangle were made to be in parallel and 
opposing each other. As a result, since the cross-sectional 
areas of antif erromagnetic film 8 and lower electrode 3 that 
are perpendicular to the direction of current flow become 
larger in comparison with the case of the first connection 
example of Fig. 8A, the resistance value of ant if erromagnetic 
film 8 and lower electrode 3 can be held to a low level, 
thereby making it possible to maintain a high magnetic 
resistance change rate. In addition, since a large number of 
magnetic tunnel resistance devices 2 are connected in series, 
even if a large voltage is applied overall, the voltage 
applied to a single magnetic tunnel resistance device 2 can be 
held to a low level, thereby making it possible to obtain a 
large detection voltage while maintaining a high magnetic 
resistance change rate. 

Fifth Connection Example 

Next, the following provides an explanation of a fifth 
connection example in which only a single magnetic tunnel 
junction structure is equipped on a single antif erromagnetic 
film 8, and a plurality of magnetic tunnel junction structures 
are connected in series. Fig. 13A is a schematic overhead 
view of the magnetic resistance device as in this fifth 
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connection example, while Fig. 13B is a cross-sectional view 
of the same magnetic resistance device. Furthermore, in Fig. 
13A as well, the dimensions of each layer may be shown 
differently from those in Fig. 13B to facilitate understanding 
of the connection state of each layer. 

In this case, together with a pair of laminated 
structures comprised of dummy film 16, upper magnetic layer 
11, barrier film 10 and lower magnetic layer 9 and provided on 
antif erromagnetic film 8 of the above fourth connection 
example, and respectively forming only a single laminated 
structure comprised of dummy film 16, upper magnetic layer 11, 
barrier film 10 and lower magnetic layer 9 on 
antif erromagnetic film 8, said antif erromagnetic film 8 is 
electrically connected by upper electrode 4 to dummy film 16 
of the single laminated structure comprised of dummy film 16, 
upper magnetic layer 11, barrier film 10 "and lower magnetic 
layer 9 provided on an adjacent antif erromagnetic film 8. 
Since other structures are the same as in the above fourth 
connection example, and the production method is also nearly 
the same as that of the fourth connection example, their 
explanations are omitted. 

As a result, by sequentially and electrically connecting 
antif erromagnetic film 8 of each magnetic tunnel junction 
structure to upper magnetic layer 11 of the adjacent magnetic 
tunnel junction structure in one direction, a constitution is 
realized wherein a plurality of magnetic tunnel junction 
structures are connected in series. In this case as well, 
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since current flows through antif erromagnet ic film 8 and lower 
electrode 3 in the direction of the arrow of the above Fig. 
13A, and the cross-sectional area of antif erromagnet ic film 8 
and lower electrode 3 perpendicular to the direction of 
current flow can be made larger in comparison with the case of 
the second comparative example of Fig. 15B, the resistance of 
antif erromagnetic film 8 and lower electrode 3 can be held to 
a low level, thereby making it possible to maintain a high 
magnetic resistance change rate. 
Sixth Connection Example 

A plurality of magnetic tunnel junction structures can 
also be connected in series as shown as a sixth connection 
example in Fig. 14. In this case, although a pair of 
laminated structures respectively comprised of dummy film 16, 
upper magnetic layer 11, barrier film 10 and lower magnetic 
layer 9 are formed on a common antif erromagnet ic film 8 in the 
same manner as the above fourth connection example, each long 
side of each laminated structure is in parallel and opposing 
each other and arranged in two rows above and below in the 
drawing. A plurality of lower electrodes 3 and 

antif erromagnetic films 8 are arranged linearly on substrate 5 
so that the upper and lower two rows of magnetic tunnel 
resistance devices 2 on each antif erromagnet ic film 8 are in 
two straight lines each in the direction of each of their long 
sides, and each dummy film 16 of the two upper and lower rows 
of magnetic tunnel resistance devices 2 on adjacent 
antif erromagnetic films 8 in the horizontal direction in the 



drawing is mutually connected above and below by making them 
respectively continuous with upper electrode 4. Furthermore, 
since the other structures are the same as the above fourth 
connection example, and the production method is also nearly 
the same as that of said fourth connection example, their 
explanations are omitted. 

In this case as well, the current through 
antif erromagnetic film 8 and lower electrode 3 flows in a 
direction perpendicular to the long sides of each magnetic 
tunnel resistance device 2 as shown with the arrows in the 
drawing. Thus, since the cross-sectional area of 
anti ferromagnetic film 8 and lower electrode 3 perpendicular 
to the direction of current flow can be made larger in 
comparison with the case of the second comparative example of 
Fig. 15B, the resistance of ant if erromagnetic film 8 and lower 
electrode 3 can be held to a low level, thereby making it 
possible to maintain a high magnetic resistance change rate. 

Here, an explanation is provided of the results of 
experimentally confirming each magnetic resistance change rate 
for these fourth through sixth connection examples. In this 
experiment, although the shape of the magnetic tunnel junction 
structure (magnetic tunnel resistance device 2) when viewed in 
a plan view was made to have a rectangular shape (magnetic 
tunnel resistance device 2 comprised of long sides measuring 
60 urn and short sides measuring 10 urn and having an aspect 
ratio of "6") employing the same constitution as in the case 
of the above fourth through sixth connection examples, the 



magnetic resistance change rate was also measured for 
comparative examples in which the direction of the long sides 
was in the same direction as the direction of orientation of 
each magnetic resistance tunnel device 2. Namely, together 
with providing a pair of laminated structures comprised of 
dummy film 16, upper magnetic layer 11, barrier film 10 and 
lower magnetic layer 9, in which the direction of the long 
sides is made to be the direction of orientation of magnetic 
tunnel resistance device 2, on a single ant if erromagnetic 
element 8, that in which dummy films 16 on different 
antif erromagnetic films 8 are electrically connected with 
upper electrode 4 is used as Comparative Example 1 as shown in 
Fig. 15A. In addition, together with providing a pair of 
laminated structures comprised of dummy film 16, upper 
magnetic layer 11, barrier film 10 and lower magnetic layer 9, 
which the direction of the long sides is the direction of 
orientation of magnetic tunnel resistance device 2, on a 
single ant if erromagnetic film 8, that in which dummy films 16 
on the same ant if erromagnetic film 8 and a different 
antif erromagnetic film 8 are electrically connected with upper 
electrode 4 is used as Comparative Example 2 as shown in Fig. 
15B. In addition, in this experiment, 500 magnetic tunnel . 
resistance devices 2 were respectively connected in series in 
both cases. These measurement results are shown in Table 1 
below . 
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Table 1 



Connection example of magnetic tunnel 
resistance device 2 


Rate of change in magnetic resistance 
induced by magnetic field (%) 


Fourth connection example (Fig. 10A) 


28 


Fifth connection example (Fig. 13A) 


25 


Sixth connection example (Fig. 14) 


28 


First comparative example (Fig. 15A) 


18 


Second comparative example (Fig. 15B) 


15 



On the basis of these experimental results as well, it 
can be understood that it is preferable to compose the shape 
of a magnetic tunnel junction structure (magnetic tunnel 
resistance device 2) when viewed in a plan view in the shape 
of a rectangle, and arrange said structure so that the 
direction of the long sides of the same rectangular shape are 
mutually parallel and opposing each other so that the 
direction of current flowing between magnetic tunnel 
resistance devices 2 is perpendicular to the direction of the 
long sides of magnetic tunnel resistance device 2. 

Variations of the Laminated Structure 

Next, an explanation is provided of variations of the 
laminated structure comprised of the above-mentioned lower 
electrode 3, ant if erromagnetic film 8, lower magnetic layer 9, 
barrier film 10, upper magnetic layer 11 and dummy film 16. 

In a first variation as shown in Fig. 16, together with 
forming a plurality of lower electrodes 3 on substrate 5, a 
pair of independent laminated structures comprised of 
antif erromagnetic film 8, lower magnetic layer 9, barrier film 
10, upper magnetic layer 11 and dummy film 16 are respectively 
formed on each lower electrode 3. 

In a second variation as shown in Fig. 17, a plurality of 



laminated structures comprised of lower electrode 3, 
antif erromagnet ic film 8 and lower magnetic layer 9 are formed 
on substrate 5, and a pair of independent laminated structures 
comprised of barrier film 10, upper magnetic layer 11 and 
dummy film 16 are respectively formed on each lower magnetic 
layer 9. 

In a third variation as shown in Fig. 18, 
antif erromagnet ic film 8 of the above first variation is 
respectively provided between each upper magnetic layer 11 and 
each dummy film 16. According to this, together with upper 
magnetic layers 11 functioning as stationary layers, lower 
magnetic layers 9 function as free layers. 

In a fourth variation as shown in Fig. 19, 
antif erromagnet ic film 8 of the above first through third 
variations is omitted, and a pair of magnetic tunnel 
resistance devices 2 are composed only of lower magnetic 
layers 9, barrier films 10 and upper magnetic layers 11. In 
this case, a somewhat large difference in coercive force is 
provided between each lower magnetic layer 9 and each upper 
magnetic layer 11, which together with allowing that having 
the smaller coercive force to function as the free layer, 
allows that having the larger coercive force to function as 
the stationary layer. In addition, in this fourth variation 
as well, a plurality of laminated structures comprised of 
lower electrode 3 and lower magnetic layer 9 may be formed on 
substrate 5, and a pair of independent laminated structures 
comprised of barrier film 10, upper magnetic layer 11 and 



dummy film 16 may be respectively formed on each lower 
magnetic layer 9. 

In each of these variations relating to the laminated 
structure, in addition to being able to use the same materials 
as in the laminated structures previously described, since 
similar methods can be employed for the production method, 
explanations of these are omitted. The above-mentioned fourth 
through sixth connection examples and matrix structures can be 
used in each of these variations relating to the laminated 
structure. 

Furthermore, in each of the above variations of the 
laminated structure, although antif erromagnetic film 8 made of 
RhMn is used as a stationary magnetizing layer in order to use 
lower magnetic layer 9 or upper magnetic layer 11 as a 
stationary layer, this ant if erromagnetic layer 8 may be made 
of FeMn, PtMn and so forth instead of RhMn. 

In addition, ferromagnetic films made of CoPtCr and so 
forth and having a thickness of about 30 nm can respectively 
be used in place of these antif erromagnetic films 8 as a 
stationary magnetizing layer for using lower magnetic layer 9 
or upper magnetic layer 11 as a stationary layer. As a result 
of using a ferromagnetic film made of CoPtCr, in addition to 
the effects produced by the above first through fourth 
variations, there is also the additional effect of 
satisfactory temperature characteristics. In addition, 
ferromagnetic films having sufficiently large coercive force 
such as that made of CoTaCr can also be used instead of the 
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above ferromagnetic film made of CoPtCr. 

In addition, in each of the above examples, although an 
aluminum film was subjected to oxidation treatment by allowing 
to stand for 20 minutes in a pure oxygen chamber by treatment 
in the previously described step 3 to form barrier film 10, 
this ultimately results in a normalized resistance value of 
about 20 kQ»nm 2 per single magnetic tunnel resistance device 
2. Thus, the thickness of the above aluminum film may be 
increased and the above duration of oxidation treatment may be 
extended to increase this normalized resistance value. As a 
result, the above normalized resistance value can be increased 
up to about 200 kQ»um 2 . In addition, the above normalized 
resistance value can also be further increased to 1 MQ«um 2 by 
introducing oxygen at 100 mTorr into a vacuum chamber after 
deposition, generating oxygen plasma using a high frequency 
of, for example, 13.56 MHz, and exposing the aluminum film to 
this oxygen plasma for, for example, 1 minute. 

In addition, although the production method of barrier 
film 10 uses a method that uses pure oxygen in the present 
embodiment, the present invention is not limited to this in 
particular, but rather other methods can also be used, such as 
natural oxidation or oxidizing the aluminum film by 
irradiating with an oxygen ion beam instead of oxygen plasma. 

In this manner, although the normalized resistance value 
of magnetic tunnel resistance device 2 can be adjusted to 
various extents, since an increase in this normalized 



resistance value leads to an increase in the effect of thermal 
noise, it is necessary to suppress this normalized resistance 
value to a certain extent corresponding to the particular 
application . 

In addition, although Cr, Ti and so forth are used for 
the material of lower electrode 3 in the previously described 
example of the basic constitution and in each of its 
variations, this material is not limited to these, but rather 
other conductive non-magnetic metal materials can also be 
used, examples of which include Cu, W, Ta, Au and Mo. In 
addition, various types of conductive non-magnetic metal 
materials as listed above can also be used for upper electrode 
11 and dummy film 16 in addition to Cr and Ti. 

In addition, in a magnetic sensor using a magnetic 
resistance device composed in the manner described above, 
these sensors may be connected in series while also being 
connected in series with the reference resistor, or may be 
used by incorporating as one side of a Wheatstone bridge. In 
these cases as well, a reference resistor and resistor within 
the Wheatstone bridge should be formed on a substrate 5. 
d. Aspect Ratio 

The following provides an explanation of the aspect ratio 
of magnetic tunnel resistance device 2. Furthermore, in the 
case lower magnetic layer 9, barrier film 10 and upper 
magnetic layer 11 have the same surface area, same shape and 
are superimposed on each other at the same location, aspect 
ratio refers to the ratio of the length in the direction of 
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their long sides to the length in the direction of their short 
sides for each of their shapes when viewed in a plan view. 
For example, as shown in Fig. 1, in the case lower magnetic 
layer 9, barrier film 10 and upper magnetic layer 11 do not 
have the same surface area and shape, aspect ratio refers to 
the ratio of the length of in the direction of the long sides 
to the length in the direction of the short sides of upper 
magnetic layer 11 or lower magnetic layer 9 which serves as 
the free layers. According to the experiments and experience 
of the present inventors, it was found that the greater this 
aspect ratio, the smaller the effect of Barkhausen noise, 
thereby resulting in lower levels of distortion in output 
waveform signals. 

The following describes the results of an experiment 
conducted on magnetic resistance device 1 shown in Fig. 1. In 
this case, the shape of each upper magnetic layer (free layer) 
11, when viewed in a plan view, of the magnetic resistance 
device 1 of Fig. 1 is respectively composed in the shape of a 
rectangle, and two samples were prepared consisting of sample 
1, in which the long sides measure 40 fim and the short sides 
measure 20 |im yielding an aspect ratio of "2", and sample 2, 
in which the long sides measure 80 um and the short sides 
measure 20 |im yielding an aspect ratio of "4". Five magnetic 
resistance devices 1 each were connected in series for samples 
1 and 2 (10 magnetic tunnel resistance devices 2 were 
connected in series) , and the magnetic field was changed from 



a pattern in which N and S poles having a width of 50 um were 
alternately arranged to obtain an output voltage waveform of 
each cycle by detecting the' change in their respective 
resistance values (output voltages) . 

In the device in which 10 magnetic- tunnel resistance 
devices 2 having an aspect ratio of "2" were connected in 
series, slight distortion occurred in the output waveform as 
shown in Fig. 20A. On the other hand, in the device in which 
10 magnetic tunnel resistance devices 2 having an aspect ratio 
of "4" were connected in series, the above distortion 
disappeared from the output waveform resulting in a uniform 
sine wave waveform as shown in Fig. 20B. The above distortion 
is believed to be caused by Barkhausen noise, and on the basis 
of these experimental results as well, the larger the aspect 
ratio, the lesser the occurrence of disturbances in the output 
voltage, thereby making it possible to confirm that a magnetic 
resistance sensor of high accuracy can be produced. 
Furthermore, in each of the above variations of the example of 
the basic constitution, the resulting device was more 
favorable the larger the aspect ratio, 
e. Matrix Connection Examples 

Next, an explanation is provided regarding preferable 
embodiments for connecting a large number of magnetic tunnel 
junction structures (magnetic tunnel resistance devices 2) in 
series. In the case of connecting a large number of magnetic 
tunnel resistance devices 2 in series, since the length 
increases as the number of magnetic tunnel resistance devices 
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2 becomes numerous in the previously described connection 
examples, a structure should be employed in which the rows of 
devices are turned around at some intermediate point to form a 
matrix (Miranda) . 

Fig. 21 shows an overhead view of a magnetic sensor 
employing this first matrix structure. This drawing shows a 
schematic overhead view of an example of arranging, for 
example, 20 x 4 magnetic tunnel resistance devices 2 in the 
form of a matrix on a rectangular substrate 5 (not shown) . 
Fig. 22 shows an overhead view of a magnetic sensor employing 
a second matrix structure. This drawing shows a schematic 
overhead view of an example of arranging, for example, 10 x 12 
magnetic tunnel resistance devices 2 in the form of a matrix 
on a rectangular substrate 5 (not shown) . 

In these cases as well, similar to the case of the 
previously described fourth connection example of Figs. 10A 
and 10B, a pair of magnetic tunnel junction structures 
(magnetic tunnel resistance devices 2) , formed to have a shape 
in the form of a rectangle when viewed in a plan view and 
comprised by laminating lower magnetic layer 9, barrier film 
10, upper magnetic layer 11 and dummy film 16, are arranged on 
a common lower electrode 3 and antif erromagnetic film 8 so 
that their long sides are in the longitudinal direction, in 
parallel and opposing each other, and a plurality of lower 
electrodes 3 and antif erromagnetic films 8, on which are 
respectively arranged the above pairs of magnetic tunnel 
junction structures, are arranged linearly in the horizontal 



direction and in a plurality of rows in the longitudinal 
direction on substrate 5. With respect to those magnetic 
tunnel resistance devices 2 other than those magnetic tunnel 
resistance devices 2 on the left and right ends, each dummy 
film 16 (upper magnetic layer 11) of a pair of magnetic tunnel 
resistance devices 2 adjacent in the horizontal direction are 
linearly connected in series in the horizontal direction by 
upper electrode 4 . With respect to magnetic tunnel resistance 
devices 2 on the left and right ends (indicated with an X) , 
each dummy film 16 (upper magnetic layer 11) of the pair of 
magnetic resistance devices 1 shown above and below in the 
drawing are respectively connected by longitudinally long 
upper electrode 4. Furthermore, antif erromagnetic film 8 is 
omitted in Figs. 21 and 22. 

Together with making the directions of the long sides of 
upper magnetic layer 11 (magnetic tunnel resistance device 2) 
mutually opposed, in the magnetic sensor employing the first 
and second matrix structures composed in this manner, these 
magnetic tunnel resistance devices 2 are alternately coupled 
in a direction that is perpendicular to the above direction of 
the long sides with lower electrode 3 and upper electrode 4 . 
Since current is made to flow in this same perpendicular 
direction, a large magnetic resistance change rate can be 
obtained as in the above-mentioned fourth through sixth 
connection examples. Furthermore, with respect to the 
magnetic tunnel resistance devices 2 (indicated with an X) on 
the left and right ends, the current flows through lower 
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electrode 3 and upper electrode 4 while turning around as 
indicated by the arrows in the drawings. 

In addition, the magnetic sensor employing the first 
matrix structure (Fig. 21) is composed such that the overall 
dimensions are short in the direction of the long sides of 
upper magnetic layer 11 (magnetic tunnel resistance device 2) 
and long in the direction of the short sides that intersects 
perpendicularly with the above direction of said long sides. 
In contrast, the magnetic sensor employing the second matrix 
structure (Fig. 22) is composed such that the overall 
dimensions are long in the direction of the long sides of 
upper magnetic layer 11 (magnetic tunnel resistance device 2) 
and short in the direction of the short sides that intersects 
perpendicularly with the above direction of said long sides. 
Namely, the direction of the long sides of upper magnetic 
layer 11 (magnetic tunnel resistance device 2) is consistent 
with the direction of the long sides of the entire sensor. In 
this type of magnetic sensor, the direction of magnetic field 
H is used as the direction of the long sides of upper magnetic 
layer 11 (magnetic tunnel resistance device 2) as shown in 
Figs. 21 and 22, and in the case of Fig. 21, the width that 
intersects perpendicularly with the direction of magnetic 
field H is longer than in the case of Fig. 22, thereby making 
characteristics slightly inferior due to demagnetizing field 
effects. Thus, together with making the direction parallel to 
the direction of magnetic field H the direction of the long 
sides of upper magnetic layer 11 (magnetic tunnel resistance 



device 2) , it is preferable that the direction of the entire 
sensor be the direction of the long sides as in the magnetic 
sensor employing the second matrix structure (Fig. 22). 

Next, measurement results are shown for a magnetic sensor 
employing the above second matrix structure. In this 
measurement, in addition to making the length of the short 
sides (length in the horizontal direction of Fig. 22) of upper 
magnetic layer 11 (barrier film 10 and lower magnetic layer 9) 
10 urn, the length of the long sides (length in the 
longitudinal direction of Fig. 22) was made to be 60 urn 
(aspect ratio: "6")/ and together with making the length in 
the horizontal direction of antif erromagnetic film 8 and lower 
electrode 3 (not shown in the drawing) 32 \xm, the length in 
the longitudinal direction was made to be 68 um. Together with 
arranging 16 ant if erromagnetic films 8 and lower electrodes 3 
on which are loaded pairs of magnetic tunnel resistance 
devices 2 (or 32 magnetic tunnel resistance devices 2) at a 
pitch of 36 jxm in the horizontal direction, 16 were arranged 
at a pitch of 72 jxm in the longitudinal direction to compose a 
magnetic sensor with 512 magnetic tunnel resistance devices 2. 
In this case, the normalized resistance value is 66 kQ»jim 2 , 
the resistance per magnetic tunnel resistance device 2 is 110 
Q, and the resistance of the magnetic sensor overall is 57 kQ. 
In addition, as a result of applying a current of 60 uA to 
this sensor to change the magnetic field, an output voltage as 
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shown in Fig. 23 was obtained. As a result, according to this 
experiment, experimental data was obtained in which the 
resistance value was 57 kQ and the resistance change rate was 
29%. 

If a magnetic sensor is composed by arranging magnetic 
tunnel resistance devices 2 in the form of a matrix in the 
above manner, even if a large number of magnetic tunnel 
resistance devices 2 are connected in series, a high magnetic 
resistance change rate can be obtained without having to 
3=0 compose the magnetic sensor itself to have a long, narrow 



SA shape. In particular, if the direction of the long sides of 



[y upper magnetic layer 11 (magnetic tunnel resistance device 2) 

y 

fj is made to coincide with the direction of the long sides of 



P the entire sensor, a magnetic sensor can be realized having 

5 high magnetic resistance change rate overall. 
3 Furthermore, although the above descriptions have 

indicated examples of arranging a pair of magnetic tunnel 
junction structures (magnetic tunnel resistance devices 2), 
comprised by laminating lower magnetic layer 9, barrier film 
20 10, upper magnetic layer 11 and dummy film 16, on a common 
lower electrode 3 and ant if erromagnet ic film 8, results 
similar to those described above are also obtained in the case 
of arranging a pair of magnetic tunnel resistance devices 2, 
comprised by laminating antif erromagnetic -film 8, lower 
25 magnetic layer 9, barrier film 10, upper magnetic layer 11 and 
dummy film 16, on a common lower electrode 3. 

Although the invention has been described in detail 
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herein with reference to its preferred embodiments and certain 
described alternatives, it is to be understood that this 
description is by way of example only, and it is not to be 
construed in a limiting sense. It is further understood that 
numerous changes in the details of the embodiments of the 
invention, and additional embodiments of the invention, will 
be apparent to, and may be made by, persons of ordinary skill 
in the art having reference to this description. It is 
contemplated that all such changes and additional embodiments 
are within the spirit and true scope of the invention as 
claimed . 



